Noise-excluding earphones may be subdivided into circumaural earphones and noise-attenuating earphone enclosures. Two versions of 'Otocups', an example of the latter subdivision, were evaluated in a series of experiments and in comparison with a conventional type of earphone (Telephonics receiver in a MX-4I /AR cushion). The experiments involved a comparison of auditory threshold, artificialear measurements, test-retest reliability, and pure-tone attenuation. The second version of 'Otocups' was considered sufficiently reliable for most purposes and to have practical applications in industrial and clinical audiometry when proper booths are not possible on account of cost, weight, or space factors.
In order that a pure tone of threshold intensity may not be masked by ambient noise, the sound pressure level of the pure tone must be at least IO dB greater than that in the corresponding critical band of noise (French and Steinberg, 1947; Webster, I954) . This is an important factor when defining the maximum noise levels permissible in rooms to be used for audiometric purposes, but there are two other factors to be taken into account, namely auditory threshold and the attenuation provided by the audiometer headset.
The former depends on the type of audiometry (pure tone or speech), the mode of presentation (monaural or binaural, earphone or free-field), and the degree to which freedom from masking is required. About 5 % of normal persons can hear pure tones IO dB below the mean normal threshold, and hearing levels of -IO dB (relative to International Standards Recommendation R389-I964 (International Organization for Standardization, I964) or British Standard, B.S. 2497: 1954) (2) and (4). Recording (i) was merely a practice session and its results were discarded. A closely matched pair of TDH-39 receivers was used for mounting in the left sides of both 'Otocups' and conventional earphones. Corrections were made to the mean thresholds to allow for slight differences in acoustic output between the receivers: by artificialear measurement in identical MX-4IIAR cushions the differences ranged from + o05 to -I0 dB.
The result is given in Table I The result is given in Table II and is also shown in Figure 4 .
As only one set of measurements was made with each 14.9 *Mean threshold values were determined for each ear of each subject at each frequency. The difference between these means and each measurement for the appropriate ear was used for analysis of variance. The variances for 'Otocups' Mark II and for conventional earphones were not significantly different at any of the frequencies. The differences in mean thresholds are listed in Table IV and illustrated in Figure 6 .
Experiment V
Comparison of artificial-ear measurements: 'Otocups' Mark III vs. conventional earphones The method used was the same as that in experiment II, except that two sets of observations were made and the results averaged.
The result is given in Table V and Figure 6 . On the basis of the arguments set out under experiment II, it is considered that none of the differences listed in Table V is significant.
Repeatability of audiograms using 'Otocups' Mark III and conventional earphones As the threshold repeatability with 'Otocups' Mark II (experiment III) was not significantly different from that with conventional earphones, and because the evidence from experiment IV those of conventional earphones. If the curves for both auditory threshold differences and artificial-ear differences shown in Fig. 4 had been identical within the limits of statistical significance (not calculated in this respect), the artificial-ear calibration of 'Otocups' Mark II could have been carried out as for conventional earphones.
Even where the artificial-ear and threshold data differed considerably (as at 250, 500, and 6,ooo c/s in Fig. 4) with the pinna of the wearer and the rim of a 9-A coupler, and, by making provision for fixation of the cushion rigidly within the cup, the correct force of application became effective during artificial-ear calibration.
Evaluation of the 'Otocups' Mark III showed that the artificial-ear performance was essentially the same as with a standard MX-4I /AR cushion (Fig. 5) . In auditory threshold there was no signi-ficant difference in performance, except marginally at 250 c/s. This latter was presumably due to acoustic leakage and it is tempting to guess that by fixing the cushion during threshold determinations, as in artificial-ear measurements, the error at 250 c/s would be eliminated also.
Since the experiments described, the author has conducted artificial-ear measurements on two other manufactures of noise-attenuating earphone enclosures. These were interesting in that the enclosed cushions were sufficiently near the opening in the iluid seals and stiffly mounted for a good seal on a 9-A coupler to be obtained and the artificial-ear differences between them and conventional earphones to be negligible. In Although the variances of repeated threshold determinations using 'Otocups' Mark II and conventional earphones were not significantly different, the evidence does suggest that a slight advantage may lie with the latter at the upper and lower ends of the usual range of audiometric frequencies, i.e., at much the same frequencies as those at which the acoustic properties of 'Otocups' Mark II appear to be somewhat unsatisfactory. For reasons already stated, it was not thought worth while to repeat the test-retest reliability evaluation with 'Otocups' Mark III, but the comparisons of the Mark II and III varieties in respect of threshold determinations and artificial-ear measurements make it appear likely that the test-retest reliability of the Mark III might be almost identical with that of the conventional earphones.
Compared with conventional earphones, there is some evidence that circumaural ones have potentially greater test-retest reliability (Atherley, Lord, and Walker, I965) and reduced between-subject real-ear sensitivity variance (Forshaw, I966) at the higher test frequencies, e.g., at 6 kc/s. In intrasubject sensitivity variance, they appear to have some advantages at frequencies below 700 c/s also (Shaw, I966 If and when the problem of artificial-ear calibration of true circumaural earphones is satisfactorily solved (and such a solution does not appear to be in sight: A.S.A. Committee on Couplers, I966), the choice will remain whether it is worth while to sacrifice perhaps some precision in calibration for a general increase in attenuation of ambient noise. In the meantime, the use of noise-attenuating earphone enclosures, such as 'Otocups' Mark III, in place of conventional earphones appears to result in a minimal change in accuracy of both artificial-ear calibration and threshold determination. It appears also that the use of 'Otocups' would have little or no effect on reliability in temporary threshold shift experimentation.
Concerning Attenuation Characteristics The results of the attenuation measurements on conventional earphones are a little lower than those obtained in other laboratories (see Table VII) .
The difference between laboratories may be due to a number of factors such as statistical chance, different methods, difference in cushion material 'Further experience with the ME.7o headset has confirmed that the receivers are not sufficiently fixed within the enclos.ures, with the result that their position can become altered between tests with considerable effect on the apparent auditory thresholds measured. Figure 7 .
To put the present results still further into perspective, it is informative to compare the 'Otocups' attenuation data with those of a Shaw and Thiessen type of earmuff, and the same muff with telephone receiver inserts (Table VIII) .
It is interesting to note in Table VIII how inclusion of a telephone inside a muff, even deep within it, results in a diminution of attenuation (by about 3 dB). With 'Otocups', the relatively small enclosed volume and the partly supra-aural fit of the fluid seals are probably the major factors accounting for the considerable further reduction in attenuation.
Conclusions
In assessing the practical applicability of a noiseattenuating earphone enclosure or circumaural earphone, the first consideration must be whether it is capable of artificial-ear calibration and whether the results of auditory threshold determinations can be related to recognized standards of normality with the same degree of reliability as with conventional earphones. 'Otocups' Mark III, but not Mark II, appear to meet these requirements for most audiometric purposes, except perhaps at low frequencies (250 c/s and below).
The other consideration concerns the circumstances in which the increased attenuation may be beneficial. The saving in cost, weight, and space over an acoustic booth is obvious, but the attenuation gained is very much less. An 
